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Description

[0001] The present invention relates to an expandable
forming drum, and a process for building tyres for vehicle
wheels.
[0002] More particularly, the invention is aimed for the
building of green tyres, to be subsequently subjected to
a vulcanisation cycle for the obtainment of the final prod-
uct.
[0003] For the purpose of the present description, with
the term "elastomeric material" it is intended to indicate
a composition comprising at least one elastomeric poly-
mer and at least one reinforcement filler. Preferably, such
composition also comprises additives such as, for exam-
ple a cross-linking agent and/or a plasticizing agent. Due
to the presence of the cross-linking agent, by means of
heating, such material can be cross-linked so as to form
the final manufactured product.
[0004] By "tyre for two-wheel vehicles", in particular
motorcycles, it is intended a tyre whose curvature ratio
is approximately comprised between about 0.15 and
about 0.45.
[0005] By "curvature ratio" relative to a tyre (or to a
portion thereof) it is intended the ratio between the dis-
tance of the radially external point of the tread band (or
of the external surface) from the line passing through the
laterally opposite ends of the tread itself (or of the external
surface itself), measured on a radial plane of the tyre (or
of said portion thereof), and the distance measured along
the chord of the tyre (or of a portion thereof) between
said ends.
[0006] By "curvature ratio" relative to a forming drum,
it is intended the ratio between the distance of the radially
external point of the external surface of the drum from
the line passing through the laterally opposite ends of
the drum itself, measured on a radial plane of the drum,
and the distance measured along the chord of the drum
between said ends.
[0007] The terms "radial" and "axial" and the expres-
sions "radially internal/external" and "axially internal/ex-
ternal" are used with reference to the radial direction of
the forming drum used / of the tyre (i.e. to a direction
perpendicular to the rotation axis of the aforesaid forming
drum / tyre) and to the axial direction of the forming sup-
port used / of the tyre (i.e. to a direction parallel to the
rotation axis of the aforesaid forming drum / tyre). The
terms "circumferential" and "circumferentially" are in-
stead used with reference to the annular extension of the
aforesaid forming support / tyre. A plane with respect to
a forming drum or to a tyre is defined "radial" when it
contains the rotation axis of the forming drum or of the
tyre, respectively. By "elementary semifinished product"
it is intended an continuous elongated element made of
elastomeric material. Preferably such continuous elon-
gated element can comprise one or more textile and/or
metallic cords. Preferably such continuous elongated el-
ement can be cut to size.
[0008] By "component" or "structural component" of a

tyre it is intended any one portion thereof capable of per-
forming a function thereof, or a part thereof. The following
are for example components of the tyre: the liner, the
under-liner, the sidewall inserts, the bead cores, the filler
inserts, the anti-abrasive element, the sidewalls, the car-
cass ply/plies, the belt layer/layers, the tread band, the
under-layer of the tread band, the under-belt inserts etc..
[0009] A tyre for vehicle wheels generally comprises a
carcass structure comprising at least one carcass ply
having respectively opposite ends engaged with respec-
tive annular anchoring structures, integrated in the zones
normally identified with the term "beads", having an in-
ternal diameter substantially corresponding to a so-
called "fitting diameter" of the tyre on a respective mount-
ing rim.
[0010] The carcass structure is associated with a belt
structure which can comprise one or more belt layers,
situated in radial superimposition with respect to each
and with respect to the carcass ply, having textile or me-
tallic reinforcement cords with crossed orientation and/or
orientation substantially parallel to the circumferential ex-
tension direction of the tyre (at 0 degrees). A tread band
is applied in radially external position with respect to the
belt structure, such tread band also made of elastomeric
material like other semifinished products constituting the
tyre.
[0011] Respective sidewalls made of elastomeric ma-
terial are also applied in axially external position on the
lateral surfaces of the carcass structure, each extended
from one of the lateral edges of the tread band up to the
respective annular anchoring structure to the beads. In
the tyres of "tubeless" type, a cover layer impermeable
to air, normally termed "liner", covers the internal surfac-
es of the tyre.
[0012] Following the building of the green tyre actuated
by means of assembly of respective components, a
moulding and vulcanisation treatment is generally exe-
cuted, aimed to cause the structural stabilisation of the
tyre by means of cross-linking of the elastomeric com-
positions as well as impart on the same, if requested, a
desired tread design and possible distinctive graphic
marks at the sidewalls of the tyre.
[0013] The carcass structure, generally in sleeve form,
and the belt structure are generally made separately from
each other in respective work stations, in order to be mu-
tually assembled together at a later time.
[0014] WO 2004/041520, in the name of the same Ap-
plicant, describes a shaping drum carried by an robotic
arm that interacts with a transfer member carrying the
belt structure picked up from an auxiliary drum, in order
to cause the coupling between carcass structure and belt
structure. The robotic arm then carries the shaping drum
in proximity to devices for applying the tread band and/or
the sidewalls comprising supply members arranged to
deposit a continuous elongated element made of elasto-
meric material on the mutually coupled carcass and belt
structure.
[0015] The document WO 2004/041522 illustrates a
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further example in which a shaping drum carried by a
robotic arm is moved in order to interact with devices that
complete the attainment of the green tyre, after having
applied a belt structure that was previously formed on an
auxiliary drum. US 2009/0020200 describes the attain-
ment of a tyre for two-wheel vehicles, in which a tread
band is obtained by continuously spiral-winding a con-
tinuous elongated element made of elastomeric material
in the circumferential direction of the tyre being proc-
essed, supported by a rigid drum whose external surface
profile replicates the internal surface profile of the tyre
being processed.
[0016] US 2013/0075041 proposes applying the crown
structure of a tyre on a shaped carcass structure sup-
ported by a forming drum arranged at its interior. The
forming drum has a pair of bead-gripping half-parts that
are radially expandable in order to cause the engage-
ment of the carcass structure, which is shaped according
to a shape very close to the structure of a finished tyre,
with a mutual approach of the half-parts themselves. A
central forming group is also present in the drum that has
two series of forming plates which, in an expanded con-
dition, mutually mate in order to define a 360° continuous
surface that supports the carcass structure. The plates
belonging to one series and to the other series are mu-
tually alternated and in a contracted condition the plates
of one series radially translate within the plates of the
second series.
[0017] US 2011-0315323 and EP 1724099 discloses
examples of expandable drum comprising circumferen-
tially distributed segments mutually mating by comb-like,
circumferentially opposite coupling portions. US
2004-0050499, CN 102126297 and US 2010-0116439
provide further examples of known building drums.
[0018] The Applicant proposes significantly improving
the quality of the product by optimising the deposition of
single components of the tyre for the purpose of the build-
ing thereof.
[0019] In this regard, the Applicant has observed that
by depositing an elementary semifinished product fed by
a dispenser onto the toroidal forming drum, while the lat-
ter is suitably moved at the dispenser itself, it is possible
to very precisely distribute the elementary semifinished
product by means of side-by-side and/or at least partially
superimposed coils, so as to form a desired structural
component of the tyre (e.g. a belt layer, a tread band or
a sidewall) with greater precision than that normally at-
tainable when conventional piece semifinished products
that are cut to size are used.
[0020] Nevertheless, the Applicant has perceived that
the actuation of these principles on an expandable drum
as is for example described in US 2013/075041 would
be prevented, or at least obstructed, by the current im-
possibility of arranging a sufficiently light and managea-
ble drum for the purpose of the transfer and movement
thereof into one or more work stations set for the forma-
tion of the single components.
[0021] In this regard, the Applicant has observed that

the use of plates with continuous abutment surface re-
quires the division of the plates into two separate series,
separately movable at respective subsequent times, in
order to prevent mutual jamming and interference during
the contraction and expansion of the drum. Complex driv-
ing mechanisms are consequently required, which con-
siderably increase the overall weight of the drum. The
need to separately move the plates, carrying one series
of plates within the other in the contracted condition, also
makes it difficult to confer sufficiently limited diameter
size to the drum in the contracted condition.
[0022] The Applicant has perceived the possibility to
attain a considerable lightening of the drum if in place of
a continuous abutment surface, even if apparently opti-
mal for the purpose of attaining the tyre components,
sectors are used that are mutually interconnected at re-
spectively complementary cavities. According to the Ap-
plicant, the lightening will not be exclusively due to the
lower weight determined by the lack of material at the
cavities, but also and above all to a simplification of the
driving mechanisms and of the overall structure of the
drum, since it will be possible to contract and expand the
drum with a simultaneous movement of all the sectors
present.
[0023] The Applicant has nevertheless observed that
during the execution of the spiralling, when the drum is
supported and suitably moved in order to manage the
distribution of the elementary semifinished products, the
thrust action exerted for example by an applicator roller
tends to push the elementary semifinished product (to-
gether with the underlying parts of the carcass structure,
if the spiralling is executed not directly on the forming
drum but on the carcass structure of the tyre previously
deposited on the drum) into the hollow portions of the
abutment surface, towards the interior of the correspond-
ing cavities.
[0024] In particular, the Applicant has also perceived
that while, in the axially internal zones of the abutment
surface, the structural consistency of the carcass struc-
ture is able to sufficiently resist the penetration into the
cavity, this might not occur with the same effectiveness
in proximity to the axially external zones, which lie on the
axially opposite edges of the abutment surface.
[0025] This circumstance is even more evident in the
processing of tyres with a high curvature ratio, typically
seen for example in the tyres for motorcycles or other
two-wheel vehicles. In a forming drum with high curvature
ratio, in fact, the abutment surface has, in a given radial
plane, an orientation that can continuously vary from the
zones close to the axial centreline plane of the drum,
where the abutment surface is substantially parallel to
the rotation axis thereof, up to close to the axially opposite
edges of the abutment surface, where the orientation of
the latter is significantly tilted towards a substantially ra-
dial direction. Consequently, the cavities closest to the
axially opposite edges of the forming drum generate, on
the abutment surface, hollow portions of greater size than
those generated by cavities with equal axial size that are
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close to the axial centreline plane. The Applicant has thus
also perceived that the risks of deformation or breakage
of the elementary semifinished products during deposi-
tion can be effectively limited or eliminated by suitably
modulating the size and the geometric distribution of the
cavities on the abutment surface.
[0026] In particular, the Applicant has perceived that
for the purpose of a correct deposition of the elementary
semifinished products, it is advantageous to manage the
distribution of the cavities in a manner such that at the
axially opposite circumferential edges of the abutment
surface, the transverse width of the solid portions of the
abutment surface is adapted to the building of the com-
ponent(s) of the tyre in such zone.
[0027] The Applicant has more precisely found that by
providing an expandable/contractible forming drum
which in expanded configuration has a radially external
abutment surface due to a plurality of circumferentially
consecutive sectors, each defining circumferential pro-
jections alternated with circumferential cavities, in which
from at least one of said projections, at least one support
wing is extended, it is possible to reduce the risks of de-
formation and/or breakage of the elementary semifin-
ished products during deposition, considerably improv-
ing the quality of the built green tyre.
[0028] In particular, the Applicant has found that in the
axially opposite circumferential edges, the transverse
width of the projections is suitably increased, and in this
manner the building of the components of a tyre on the
aforesaid forming drum by means of elementary semi-
finished products, preferably by means of spiralling, oc-
curs without the latter being subjected to stresses such
to compromise the integrity thereof.
[0029] According to a first aspect, the present invention
relates to an expandable toroidal forming drum for build-
ing tyres.
[0030] Preferably circumferentially consecutive sec-
tors are provided that are radially movable between a
contracted condition, in which said sectors are moved
closer to a geometric rotation axis of the forming drum,
and an expanded condition in which the sectors are ra-
dially moved away from said geometric axis in order to
define a radially external abutment surface. Preferably,
each sector has circumferentially opposite coupling por-
tions, each comprising circumferential projections alter-
nated with circumferential cavities.
[0031] Preferably, the projections of each sector are
slidably engaged in the respective cavities of circumfer-
entially adjacent sectors.
[0032] Preferably, from at least one of said projections,
at least one support wing is extended having a first side
and a second side that are respectively opposite.
[0033] Preferably, the first side coincides with a portion
of said abutment surface and the second side at least
partially overlaps one of the projections belonging to an
adjacent sector.
[0034] In accordance with a second aspect, the inven-
tion relates to a process for building tyres.

[0035] Preferably, provision is made for arranging an
expandable toroidal forming drum in expanded configu-
ration such to externally have an abutment surface de-
fined by a plurality of circumferentially consecutive sec-
tors. Preferably, provision is made for applying at least
one elementary semifinished product of a tyre around
said forming drum by pressing said elementary semifin-
ished product towards the abutment surface. Preferably,
each sector has circumferential projections alternated
with circumferential cavities.
[0036] Preferably, from at least one of said projections,
at least one support wing is extended having a first side
and a second side that are respectively opposite, in which
the first side coincides with a portion of said abutment
surface and the second side at least partially overlaps
one of the projections belonging to an adjacent sector.
[0037] The Applicant deems that by increasing the sur-
face extension of the solid portions in proximity to the
axially opposite edges of the abutment surface, it is pos-
sible to ensure a correct application of the elementary
semifinished products, even when such application is ex-
ecuted by means of spiralling of such products on the
carcass structure supported by the forming drum.
[0038] In at least one of the aforesaid aspects, the in-
vention comprises one or more of the following preferred
characteristics, which are described hereinbelow.
[0039] Preferably, the second side of said at least one
support wing is slidably engaged with said one of the
projections belonging to an adjacent sector. Preferably,
in the expanded condition, the abutment surface has cir-
cumferential rows of solid portions alternated with hollow
portions. Preferably, said solid portions and hollow por-
tions are respectively defined by said projections and by
said cavities.
[0040] Preferably, multiple support wings are provided,
carried by respective projections belonging to a same
sector.
[0041] Preferably, a plurality of support wings are car-
ried by projections arranged at axially opposite edges of
each sector.
[0042] Preferably, a plurality of support wings are car-
ried by consecutive projections to axially external projec-
tions.
[0043] Preferably, each support wing is integral with
two respective projections that are axially consecutive to
each other.
[0044] Preferably, each sector also has at least one
base wall extended between two respective projections
that are axially consecutive to each other, in order to de-
fine together with said projections and with said support
wing a containment seat slidably engaging one of the
projections belonging to an adjacent sector.
[0045] Preferably, each support wing has a thickness
comprised between 0.5 mm and 2.5 mm, measured per-
pendicular to the abutment surface.
[0046] Preferably, said projections and cavities have
circumferentially elongated shape.
[0047] Preferably, each of said cavities is axially de-
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limited between lateral walls of two axially consecutive
projections.
[0048] Preferably, said at least one support wing is ex-
tended from the respective projection according to a di-
rection that is tilted with respect to at least one of the
lateral walls of the projection itself.
[0049] Preferably, said lateral walls are extended ac-
cording to planes that are substantially perpendicular to
the geometric rotation axis of the forming drum.
[0050] Preferably, at least some of said cavities are
each axially delimited between the lateral walls of two
axially consecutive projections. Preferably, in each sec-
tor, projections belonging to one of said coupling portions
are offset with respect to the projections belonging to the
other coupling portion.
[0051] Preferably, at least some of said projections
have substantially plate-like structure and lie according
to surfaces parallel to a circumferential extension direc-
tion of the abutment surface.
[0052] Preferably, projections arranged along axially
opposite circumferential edges of the abutment surface
each have a radially external longitudinal edge with lon-
gitudinal profile tilted towards said geometric rotation ax-
is. Preferably, in the contracted condition, the projections
are inserted in the cavities according to a measurement
at least equal to 80% of their length. More preferably said
projections are inserted in the cavities according to a
measurement comprised between about 80% and about
100% of their length.
[0053] Preferably, in the expanded condition, the pro-
jections are extracted from the cavities according to a
measurement at least equal to 80% of their length.
[0054] More preferably said projections are extracted
from the cavities according to a measurement comprised
between about 80% and about 100% of their length.
[0055] Preferably, at least in proximity to an axial cen-
treline plane of the forming drum, each projection has an
axial size comprised between about 4mm and about
15mm.
[0056] Preferably, the hollow portions in the expanded
condition have a circumferential size comprised between
about 30mm and about 60mm. Preferably, radial move-
ment devices are also provided for simultaneously mov-
ing the sectors between the contracted condition and the
expanded condition.
[0057] Preferably, said radial movement devices com-
prise transmission mechanisms operatively engageable
by actuator devices and configured for simultaneously
translating the sectors from the contracted condition to
the expanded condition.
[0058] Preferably, said transmission mechanisms
comprise driving levers, each hinged to one of said sec-
tors and to at least one driving collar slidably fit along a
central shaft.
[0059] Preferably, the driving collar is operatively con-
nected to a threaded bar rotatably engaged in the central
shaft.
[0060] Preferably, two driving collars are provided that

are slidably engaged on the central shaft in axially oppo-
site positions with respect to the sectors, and engaging
the threaded bar at respective right hand and left hand
threads.
[0061] Preferably, the sectors are carried by respective
guide members that are telescopically extendable, radi-
ally extended from a central shaft. Preferably, the drum
has, in expanded condition, a curvature ratio comprised
between about 0.15 and about 0.45.
[0062] Preferably provision is made for building and
shaping a carcass sleeve according to a toroidal config-
uration.
[0063] Preferably, provision is made for engaging said
expandable toroidal forming drum within the shaped car-
cass sleeve, in order to support the carcass sleeve
against said abutment surface.
[0064] Preferably, provision is made for applying said
at least one elementary semifinished product of said tyre
around the shaped carcass sleeve supported by said
abutment surface of said forming drum.
[0065] Preferably, said abutment surface has circum-
ferential rows of solid portions alternated with hollow por-
tions.
[0066] Preferably, the hollow portions of each circum-
ferential row are circumferentially offset with respect to
the hollow portions of axially adjacent circumferential
rows.
[0067] Preferably, said carcass sleeve comprises at
least one carcass ply and a pair of annular anchoring
structures engaged with axially opposite ends of said at
least one carcass ply.
[0068] Preferably, the carcass sleeve engaged with
the forming drum has axially opposite end flaps projecting
cantilevered with respect to the abutment surface.
[0069] Preferably, the elementary semifinished prod-
uct is applied according to axially contiguous and/or at
least partially superimposed circumferential coils, in or-
der to form a component of said tyre.
[0070] Preferably, the elementary semifinished prod-
uct is pressed against the abutment surface by means
of a localised thrust action against a surface portion of
said elementary semifinished product.
[0071] Preferably, the thrust action is exerted by press-
ing an applicator roller against the elementary semifin-
ished product while the forming drum rotates around a
geometric rotation axis thereof.
[0072] Preferably, the elementary semifinished prod-
uct is pressed by means of a localised thrust action in an
action area having transverse size less than the trans-
verse size of the hollow portions.
[0073] Preferably, the transverse size of the action ar-
ea can be measured against the abutment surface in a
radial plane of the forming drum.
[0074] Further characteristics and advantages will be
clearer from the detailed description of a preferred but
not exclusive embodiment of an expandable forming
drum for building tyres for vehicle wheels and of a process
for building tyres, in accordance with the present inven-
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tion.
[0075] Such description will be set forth hereinbelow
with reference to the enclosed drawings, provided only
as a non-limiting example, in which:

- figure 1 schematically shows a top view of a plant
for building tyres;

- figure 2 schematically shows a side view in partial
section of the loading of a carcass sleeve on a shap-
ing station;

- figure 3 schematically shows a side view in partial
section of the engagement of the carcass sleeve with
shaping devices arranged in the shaping station;

- figure 3a shows an enlargement of the detail indicat-
ed with "A" in figure 3;

- figure 4 schematically shows a side view in partial
section of the execution of the shaping of the carcass
sleeve;

- figure 5 shows in perspective view several sectors
of a forming drum in a contracted condition;

- figure 6 shows the sectors of figure 5 in an expanded
condition;

- figure 6a shows a detail of the sectors of figure 6
sectioned according to the line VI-VI of figure 8a;

- figures 7 and 8 show a single sector of the forming
drum seen in perspective view from respectively op-
posite angles;

- figure 7a and 8a show respective enlarged details
of figures 7 and 8;

- figure 9 shows the application of a belt layer on the
shaped carcass sleeve and coupled to the forming
drum;

- figure 10 shows the application of a sidewall on a
belt structure coupled to the carcass sleeve;

- figure 11 schematically shows, in radial half-section,
a tyre attainable in accordance with the present in-
vention.

[0076] With reference to the abovementioned figures,
reference number 1 overall indicates a plant for building
tyres for vehicle wheels. The plant 1 is arranged for ac-
tuating a building process in accordance with the present
invention.
[0077] The plant 1 is set for attaining tyres 2 (figure 11)
essentially comprising at least one carcass ply 3 prefer-
ably internally covered by a layer of impermeable elas-
tomeric material or so-called liner 4. Two annular anchor-
ing structures 5, each comprising a so-called bead core
5a preferably carrying an elastomeric filler 5b in radially
external position, are engaged with respective ends 3a
of the carcass ply/plies 3. The annular anchoring struc-
tures 5 are integrated in proximity to zones normally iden-
tified with the term "beads" 6, at which the engagement
between the tyre 2 and a respective mounting rim (not
depicted) normally occurs.
[0078] A belt structure 7 is circumferentially applied
around the carcass ply/plies 3, and a tread band 8 is
circumferentially superimposed on the belt structure 7.

Two sidewalls 9, each extended from the corresponding
bead 6 to a corresponding lateral edge of the tread band
8, are applied in laterally opposite positions on the car-
cass ply/plies 3.
[0079] The plant 1 comprises a carcass building line
10 having one or more building stations 11 where the
manufacturing of a carcass sleeve 12 is attained, for ex-
ample according to known modes, such carcass sleeve
12 having substantially cylindrical shape. The carcass
sleeve 12 comprises said at least one carcass ply 3, pref-
erably internally covered with the liner 4, and having re-
spective axially opposite ends 3a engaged, e.g. by
means of turning-up, with the respective annular anchor-
ing structures 5. If required, the carcass sleeve 12 can
also comprise the sidewalls 9 or first portions thereof,
each extended starting from a respective bead 6.
[0080] The carcass building line 10 leads to a shaping
station 13 comprising devices 14 for engaging the car-
cass sleeve 12 and shaping devices 15, upon whose
action the carcass sleeve 12 is shaped according to a
toroidal configuration.
[0081] The engagement devices 14 for example com-
prise a first flange element 16a and a second flange el-
ement 16b, coaxially facing each other and having re-
spective circumferential engagement seats 17a, 17b, by
means of which they are each operatively engageable
at one of the annular anchoring structures 5 respectively
carried by the axially opposite ends of the carcass sleeve
12.
[0082] The engagement devices 14 can also comprise
axial movement members 18 for moving the flange ele-
ments 16a, 16b. More in detail, provision can be made
such that at least one of the flange elements 16a, 16b,
e.g. the first flange element 16a, is carried by a carriage
19 movable along one or more linear guides 20, parallel
to a direction of mutual axial alignment between the
flange elements 16a, 16b and preferably integral with
respect to a fixed base 21, carrying the second flange
element 16b. The movement of the carriage 19 along the
linear guides 20 causes the switching of the shaping sta-
tion 13 between a condition of loading/unloading and a
working condition. In the loading/unloading condition (fig-
ure 2), the first flange element 16a is spaced from the
flange element 16b according to a measurement that is
greater - approximately at least double - than an axial
size of the non-shaped carcass sleeve 12, coming from
the carcass building line 10. In the working condition, the
flange elements 16a, 16b, and more precisely the re-
spective circumferential engagement seats 17a, 17b
thereof, are mutually spaced according to a measure-
ment substantially corresponding to the axial size of the
carcass sleeve 12.
[0083] The shaping devices 15 can for example com-
prise a fluid-dynamic circuit (not illustrated) for introduc-
ing pressurised air or another operating inflation fluid be-
tween the flange elements 16a, 16b, within the carcass
sleeve 12. The shaping devices 15 can also comprise
one or more linear actuators or other axial movement
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devices 22, operating on one or preferably both the flange
elements 16a, 16b in order to axially move them towards
each other starting from the aforesaid working condition.
Mutually nearing the flange elements 16a, 16b causes a
mutual approaching of the annular anchoring structures
5 so as to allow the shaping of the carcass sleeve 12
according to a toroidal configuration, assisted by the si-
multaneous introduction of the pressurised operating flu-
id in the carcass sleeve 12.
[0084] In the shaping station 13, the shaped carcass
sleeve 12 is coupled to a toroidal forming drum 23, sub-
stantially rigid and expandable, arranged inside the car-
cass sleeve itself.
[0085] In figures 1 to 4, the forming drum 23 is only
schematically displayed, while it is depicted in more detail
in figures 5 to 10.
[0086] The forming drum 23 is expandable between a
radially contracted condition (figures 2, 3 and 5), and a
radially expanded condition (figures 4, 6, 9 and 10). For
such purpose, the forming drum 23 comprises a plurality
of sectors 24 circumferentially distributed around a cen-
tral shaft 25 coaxial with geometric rotation axis X-X of
the drum itself.
[0087] In figures 1 to 4, the geometric axis X-X of the
drum coincides with an axial alignment direction of the
flange elements 16a, 16b.
[0088] The sectors 24 are movable upon action of ra-
dial movement devices 35, preferably simultaneously
with each other, from the aforesaid contracted condition
in which they are moved close to the central shaft 25, to
the expanded condition in which said sectors 24 are
moved away from the central shaft 25. For such purpose,
it can be provided that the sectors 24 are carried by re-
spective guide members 26 that are telescopically ex-
tendable, radially extended from the central shaft 25.
[0089] Preferably, the contracted and expanded con-
dition of the sectors 24 respectively correspond to a con-
dition of maximum radial contraction and a condition of
maximum radial expansion of the forming drum 23.
[0090] The movement of the sectors 24 can be attained
by means of transmission mechanisms 27 comprising
for example driving levers 28 that are hinged, each at the
respectively opposite ends thereof, to one of said sectors
24 and to at least one driving collar 29 slidably fit along
the central shaft 25. More particularly, a pair of driving
collars 29 are preferably provided, situated along the cen-
tral shaft 25 in axially opposite positions with respect to
the sectors 24, each engaging respective driving levers
28.
[0091] Each driving collar 29 is operatively connected
to a threaded bar 30, rotatably engaged coaxially within
the central shaft 25. The threaded bar 30 is extended
along the central shaft 25, nearly for the entire length
thereof or beyond, and carries two axially opposite
threads 30a, 30b, respectively right hand and left hand
threads. Respective nut threads 31 are operatively en-
gaged on the threads 30a, 30b; such nut threads 31 are
axially movable within the central shaft 25, each connect-

ed to one of the driving collars 29, e.g. by means of at
least one block 32 radially traversing the central shaft 25
at a longitudinal slit 33.
[0092] The rotation of the threaded bar 30 in the central
shaft 25, actuatable by means of a rotary driver 34 or
actuator devices of another type operating in the shaping
station 13, causes an axial movement of the nut screws
31 and of the driving collars 29, corresponding to a radial
movement of the sectors 24, towards the contracted con-
dition or the expanded condition in accordance with the
rotation direction of the threaded bar 30.
[0093] In the expanded condition, the set of sectors 24
of the forming drum 23 defines, along its circumferential
extension, a radially external abutment surface "S", toroi-
dally shaped according to an internal configuration that
a part of the carcass sleeve 12 must assume upon com-
pleted shaping. More in detail, provision can be advan-
tageously made such that the abutment surface "S" of
the forming drum 23 in the expanded condition has a
curvature ratio comprised between about 0.15 and about
0.45, typically adapted for attaining tyres for motorcycles
or other two-wheel vehicles. If required, curvature ratios
can nevertheless be employed with values less than
those indicated above, e.g. adapted for the production
of tyres for cars or trucks.
[0094] As illustrated in figures 7 and 8, each of the sec-
tors 24 has a first coupling portion 36a and a second
coupling portion 36b that are circumferentially opposite,
preferably interconnected by means of an intermediate
portion 36c that has, at least on the abutment surface
"S", a main extension direction parallel to a radial plane
of the forming drum 23. Each of the coupling portions
36a, 36b has a plurality of elongated projections 37 ex-
tended in circumferential direction from the intermediate
portion 36c, alternated with respective circumferentially
elongated cavities 39.
[0095] In a same sector 24, the projections 37 belong-
ing to one of the coupling portions, e.g. the first coupling
portion 36a, are offset with respect to the projections 37
of the other coupling portion 36b.
[0096] At least some of the projections 37 can have
substantially plate-like structure, and lie according to sur-
faces parallel to an circumferential extension direction of
the abutment surface "S". Such projections 37 therefore
have lateral walls 38 extended according to planes or-
thogonal to the geometric rotation axis of the drum. At
least some of the cavities 39 are each axially delimited
between the lateral walls 38 of two axially consecutive
projections 37. As is better illustrated in figures 5 and 6,
the projections 37 of each sector 24 are slidably engaged
in the respective cavities 39 of the circumferentially ad-
jacent sectors 24, and are adapted to slide in the cavities
themselves in order to support the expansion and con-
traction movements of the forming drum 23.
[0097] The lateral walls 38 of the respectively mating
projections 37 belonging to circumferentially contiguous
sectors 24 mutually guide the sectors themselves during
the contraction and expansion movement, and facilitate
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the maintenance of a satisfactory structural solidity of the
forming drum 23 in its entirety, both in the contracted
condition and in the expanded condition.
[0098] In the contracted condition, the projections 37
of each sector 24 penetrate into the respective cavities
39 until they touch or nearly touch the intermediate por-
tion 36c of the adjacent sector 24. More particularly, in
the contracted condition, the projections 37 are inserted
in the respective cavities 39 according to a measurement
at least equal to 80% of their length.
[0099] In the expanded condition, the projections 37
are extracted from the cavities 39 according to a meas-
urement at least equal to 80% of their length.
[0100] The presence of the projections 37, of the cav-
ities 39 and their mutual relation ensure that on the abut-
ment surface "S", circumferential rows of solid portions
40 defined by the projections 37, alternated with hollow
portions 41 defined by the cavities 39, are identifiable at
least in the expansion condition. The solid portions 40
and the hollow portions 41 belonging to each circumfer-
ential row are circumferentially offset with respect to the
solid portions 40 and, respectively, to the hollow portions
41 of axially adjacent circumferential rows.
[0101] It is opportune that the surface discontinuities
induced by the alternation of solid portions 40 and hollow
portions 41 do not compromise a correct execution of the
attainment of the components of the tyre 2 during build-
ing. In this regard, it is preferably provided that at least
in proximity to an axial centreline plane "E" of the forming
drum 23, still more preferably over all the projections 37
except for those situated in proximity to the axially oppo-
site circumferential edges of the forming drum 23, each
projection 37 has axial size approximately comprised be-
tween about 4mm and about 15mm, preferably equal to
about 8mm. Each cavity 39 preferably has axial size
equal to that of the projections 37 circumferentially
aligned therewith.
[0102] Axial sizes that are greater than the indicated
values could prove excessive for the purpose of a correct
support of the carcass sleeve 12 and/or of other compo-
nents of the tyre 2, also in consideration of the stresses
transmitted during processing. Axial sizes that are small-
er than the indicated values could in turn involve exces-
sive structural complication of the sectors 24, with con-
sequent increase of production costs, in addition to pos-
sible structural weakening.
[0103] It is also preferably provided that the hollow por-
tions 41 in the expanded condition have a circumferential
size comprised between about 30mm and about 60mm,
preferably equal to about 40mm.
[0104] At the axially opposite circumferential edges of
the abutment surface "S", the above-indicated axial sizes
of the projections 37 and cavities 39 may prove unsuited
for the purpose of a correct processing.
[0105] In this regard, it should be observed that due to
the curvature presented by the cross section profile of
the abutment surface "S", the transverse size of the solid
portions 40 and hollow portions 41 is not equal to the

axial size of the corresponding projections 37 and cavi-
ties 39 to which they belong. In particular, in the forming
drums dedicated for attaining tyres for two-wheel vehi-
cles, where the curvature ratio is relatively accentuated,
the transverse size of the solid portions 40 and of the
hollow portions 41 at the axially opposite circumferential
edges can be several times greater than that found in
proximity to the axial centreline plane "E".
[0106] Consequently, axially opposite terminal por-
tions 12a of the carcass sleeve 12, situated at the oppo-
site circumferential edges of the abutment surface "S",
may prove to be inadequately supported and too free to
move for the purpose of a suitable opposition to stresses.
[0107] Provision is therefore made such that, from at
least one of the projections 37, at least one support wing
42 substantially arranged on continuation of the abut-
ment surface "S" is extended, according to an incident
direction with respect to at least one of its lateral walls 38.
[0108] More particularly, multiple support wings 42 are
provided, extended from respective projections 37 be-
longing to at least one same circumferential row, close
to one of the axially opposite circumferential edges of the
abutment surface "S".
[0109] In the illustrated example, the support wings 42
are integral with the projections 37 belonging to the first
coupling portion 36a of each sector 24. The support wings
42 are substantially adapted to "fill" the respective hollow
portions 41 which would otherwise be delimited by the
cavities 39 defined between axially contiguous projec-
tions 37, so as to offer a support base for the carcass
sleeve 12 that is sufficiently extended in order to ensure
a suitable support thereof.
[0110] In the illustrated example, each sector 24 has
two support wings 42 arranged each in proximity to one
of the opposite circumferential edges of the abutment
surface "S". Each support wing 42 is integral with two
respective projections 37 that are axially consecutive to
each other, i.e. two projections immediately successive
in an axial direction, substantially extending as a bridge
from one projection to the next.
[0111] Alternatively, the support wings 42 can each be
integral with a single projection 37, and protrude towards
the axially consecutive projection 37, i.e. immediately
successive in axial direction, without coming to be joined
therewith. More particularly, the support wings 42 can be
integral with the single projections 37 belonging to the
axially external circumferential rows, indicated with F1,
arranged along each of the axially opposite circumferen-
tial edges of the abutment surface "S". Additionally or
alternatively, the support wings 42 can be integral with
the single projections 37 belonging to the circumferential
rows, indicated with F2, axially contiguous with the axially
external circumferential rows F1.
[0112] The axial sizes of the projections 37 and cavities
39 at the axially opposite circumferential edges of the
abutment surface "S" can be different from those found
in the remaining axially more internal portions of the form-
ing drum 23. More particularly, in the illustrated example,
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the presence of the support wings 42 allows limiting the
axial sizes of the projections 37 integral therewith. In par-
ticular, the axial size of the projections 37 integral with
the support wings 42 can for example be comprised be-
tween about 2 mm and about 4 mm.
[0113] Each support wing 42 has a first side 42a and
a second side 42b that are respectively opposite, not
necessarily parallel to each other. The first side 42a co-
incides with the abutment surface "S". The second side
42b overlaps one of the projections 37 belonging to an
adjacent sector 24 and is preferably slidably engaged
therealong. More particularly, the support wings 42 over-
lap, each by means of the respective second side 42b,
projections 37 belonging to the second coupling portion
36b of the adjacent sector 24.
[0114] In the illustrated example, in combination with
each support wing 42, at least one base wall 43 is pref-
erably provided which is extended between the projec-
tions 37, axially consecutive to each other, with which
the support wing 42 itself is integral. The base wall 43
defines, together with the respective projections 37 and
with the support wing 42, a containment seat 44 in which
the respective projection 37 belonging to the adjacent
sector 24, and more particularly to the second coupling
portion 36b thereof, is slidably inserted.
[0115] The containment seat 44 and the projection 37
slidably inserted therein are respectively counter-shaped
and preferably are complementary.
[0116] Between the first side 42a and the second side
42b, a thickness of the support wing 42 is defined, having
measurement preferably comprised between about 0.5
mm and about 2.5 mm, detected perpendicular to the
abutment surface "S". If the first side 42a and the second
side 42b are not parallel, the above-indicated measure-
ment refers to a point of minimum thickness of the support
wing 42.
[0117] For each support wing 42 to be able to overlap
the respective projection 37, still maintaining the first side
42a thereof coplanar with the abutment surface "S", a
height difference "K" corresponding to the thickness of
the support wing itself is generated between said abut-
ment surface "S" and the projection 37 insertable in the
containment seat 44.
[0118] In passing from the expanded condition to the
contracted condition, the sectors 24 simultaneously
translate towards the geometric rotation axis X-X of the
forming drum 23, being mutually approached according
to a substantially circumferential direction. In order to as-
sist such mutual movement without jamming due to me-
chanical interferences, it is preferably provided that at
least the projections 37 engaged in the containment
seats 44 each have a radially external longitudinal edge
45 with longitudinal profile tilted towards the geometric
rotation axis X-X. Preferably, the forming drum 23 is po-
sitioned in the shaping station 13 before the respective
carcass sleeve 12, e.g. still being processed along the
carcass building line 10, reaches the shaping station it-
self.

[0119] More particularly, it is preferably provided that
the forming drum 23 is supported cantilevered in the
shaping station 13. For example, a first end 25a of the
central shaft 25 of the forming drum 23 can for such pur-
pose be retained by a mandrel 46 coaxially housed in
the first flange element 16a and carrying the aforesaid
rotary driver 34 couplable with the threaded bar 30 in
order to drive it in rotation.
[0120] The forming drum 23 can therefore be arranged
in the contracted condition by means of said rotary driver
34, if it is not already found in such condition upon reach-
ing the shaping station 13.
[0121] By means of carcass loading devices 47, the
carcass sleeve 12 coming from the carcass building line
10 is then transferred into the shaping station 13 in order
to be subsequently coaxially arranged in radially external
position around the forming drum 23 arranged in the con-
tracted condition.
[0122] The carcass loading devices 47 can for example
comprise a carcass handler 48 preferably operating on
an external surface of the carcass sleeve 12. With a radial
translation movement (with respect to the forming drum
23), the carcass sleeve 12 is first inserted, in axial align-
ment relation with the forming drum 23, between the
flange elements 16a, 16b arranged in the loading/unload-
ing condition of the shaping station 13 (figure 2). The
carcass sleeve 12 is subsequently arranged around the
forming drum 23, preferably following an axial translation
movement of the forming drum 23 itself. More particular-
ly, with a movement of the carriage 19 along the linear
guides 20, the forming drum 23 is coaxially inserted in
the carcass sleeve 12. Preferably, the translation of the
carriage 19 and of the forming drum 23 terminates with
the engagement of a second end 25b of the central shaft
25 with a tailstock 49, situated within the second flange
element 16b (dashed line in figure 2).
[0123] In order for the axial movement of the forming
drum 23 with respect to the carcass sleeve 12 to occur
without mutual mechanical interferences, it is preferably
provided that in the contracted condition the forming
drum 23 has a maximum external diameter less than a
minimum internal diameter of the carcass sleeve 12, typ-
ically found at the beads 6.
[0124] At the end of the axial movement, each of the
annular anchoring structures 5 integrated in the beads 6
is situated in axially internal position with respect to the
circumferential engagement seat 17a, 17b of the respec-
tive first and second flange element 16a, 16b.
[0125] Upon action of the axial movement devices 22,
the flange elements 16a, 16b then carry the respective
engagement seats 17a, 17b substantially in a relation of
radial alignment within the annular anchoring structures
5. Each of said flange elements 16a, 16b comprises ex-
pansion members (not depicted) configured for causing
a radial expansion of respective circumferential sealing
rings 50a, 50b integrating the circumferential engage-
ment seats 17a, 17b. Following such radial expansion,
each of the circumferential sealing rings 50a, 50b is
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brought to act in a thrust relation against one of the an-
nular anchoring structures 5. The carcass sleeve 12 is
thus stably constrained to the flange elements 16a, 16b.
Upon completed engagement, the carcass handler 46
can disengage the carcass sleeve 12 and be moved away
from the shaping station 13. During shaping, when the
carcass sleeve 12 starts to be radially expanded, the ra-
dial expansion of the forming drum can be driven by
means of rotation of the threaded bar 30 upon action of
the rotary driver 34.
[0126] Hence, the coupling between carcass sleeve
12 and forming drum 23 is enabled. Such coupling occurs
by bringing an internal surface of the carcass sleeve 12
in contact relation against the abutment surface "S" of
the forming drum 23.
[0127] In order to facilitate an expansion of the carcass
sleeve 12, provision can be made such that in the final
steps of approaching the condition of maximum radial
expansion of the carcass sleeve 12, the flange elements
16a, 16b are axially inserted in radially internal position
with respect to the sectors 24 of the forming drum 23,
which is about to reach the expanded condition.
[0128] Upon completed coupling, the flange elements
16a, 16b disengage the carcass sleeve 12, leaving it on
the forming drum 23.
[0129] Carcass sleeve 12 and forming drum 23, in mu-
tual coupling relation, are adapted to be subjected to the
action of deposition devices 51, in order to form compo-
nents of the tyre 2 being processed by means of appli-
cation of one or more elementary semifinished products
in radially external position with respect to the abutment
surface "S".
[0130] The deposition devices 51 can for example
comprise at least one device 52 for building at least one
belt layer in radially external position with respect to the
shaped carcass sleeve 12. Such device 52 is preferably
installed in a belt structure application station 53 that is
remote with respect to said shaping station 13.
[0131] In order to allow the transfer of the forming drum
23 to the belt structure application station 53, it is provided
that the forming drum 23 carrying the carcass sleeve 12
is supported by the mandrel 46 operating at the first end
25a of the central shaft 25, while the tailstock 49 is dis-
engaged from the second end 25b of the central shaft 25
itself. With a retreating of the first flange element 16a,
the shaping station 13 is brought back into the loading/un-
loading condition, freeing the access to an anthropomor-
phic robotic arm 54 or other suitable drive group, which
in turn provides to engage the forming drum 23 at the
second end 25b of the central shaft 25. The robotic arm
54 transfers the forming drum 23 from the shaping station
13 to the belt structure application station 53. The robotic
arm 54 also provides to suitably move the forming drum
23 in front of the building device 52 for the belt layer,
which for example can comprise a dispenser 55 that
feeds at least one elementary semifinished product 56a,
e.g. in the form of rubber-covered cord or another con-
tinuous elongated reinforcement element made of textile

or metallic material. The dispenser 55 is preferably as-
sociated with a roller 57, preferably idle, or another suit-
able applicator member for applying the elementary sem-
ifinished product 56a at the radially external surface of
the tyre 2 being processed. The roller 57 operates in
thrust relation against a surface portion of the elementary
semifinished product 56a, by pressing it towards the
abutment surface "S" in order to cause the application
thereof according to axially contiguous circumferential
coils, on the carcass sleeve 12 or other radially underlying
element. For example, a belt layer 7a (at 0 degrees) can
thus be made by winding the elementary semifinished
product in rubber-covered cord form according to circum-
ferential coils that are axially adjacent around the abut-
ment surface "S", while the forming drum 23 is driven in
rotation and suitably moved by the robotic arm 54.
[0132] The rigidity of the forming drum 23 ensures a
stable positioning of the single circumferential coils
formed directly on the shaped carcass sleeve 12, without
undesired deformations of the sleeve itself occurring due
to the stresses transmitted on its external surface during
the application. The stickiness of the raw elastomeric ma-
terial that composes the carcass ply or plies 3 prevents
undesired spontaneous and/or uncontrolled movements
of the single circumferential coils, without it being neces-
sary for such purpose to arrange additional intermediate
layers between the belt layer 7a being made and the
underlying application surface. In other words, a precise
positioning is facilitated of the single circumferential coils
of the belt layer 7a, directly formed according to the de-
sired final product of the shaped carcass sleeve 12, even
when such profile has an accentuated transverse curva-
ture as is for example typically found in the tyres intended
for motorcycles or other two-wheel vehicles.
[0133] The belt structure application station 53 can if
required comprise devices 58 for building one or more
auxiliary layers 7b, to be applied on the shaped carcass
sleeve 12, before or after the application of said at least
one belt layer 7a. In particular, such auxiliary layers 7b
can comprise parallel textile or metallic cords, arranged
according to an orientation that is tilted with respect to
the circumferential extension direction of the carcass
sleeve 12, preferably according to a crossed orientation
between auxiliary layers 7b adjacent to each other.
[0134] By means of the robotic arm 54, or by means
of a second anthropomorphic robotic arm or handler of
another type, the forming drum 23 is then transferred
from the belt structure application station 53 to a sidewall
application station 59, preferably constituting part of a
green tyre completion line integrating the same belt struc-
ture application station 53.
[0135] In the sidewall application station 59, a spiralling
unit 60 can for example operate, configured for winding
at least one elementary semifinished product 56b in the
form of a continuous elongated element made of elasto-
meric material according to axially adjacent and/or at
least partially superimposed circumferential coils,
against axially opposite lateral portions of the carcass
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sleeve 12 in proximity to the annular anchoring structures
5, while the forming drum 23 is driven in rotation and
suitably moved, for example by the same robotic arm 54,
in order to distribute the circumferential coils according
to a predefined scheme. The application of the elemen-
tary semifinished product 56b in the form of a continuous
elongated element also in this case occurs with the aid
of a respective second applicator roller 61 operating in
an analogous manner to that described with reference
to the attainment of the belt layer 7a. The plant 1 can
also comprise tread band attainment devices (not illus-
trated) which can operate in a manner analogous to the
spiralling unit 60 in order to make the tread band 8 around
the belt structure 7, up to close to the sidewalls 9.
[0136] The geometric and size parameters of the pro-
jections 37, and cavities 39, arranged in the forming drum
23 allow suitably supporting the carcass sleeve 12 with-
out the latter being subjected to excessive twisting or
localised stresses due to the thrust exerted by the appli-
cator rollers 57, 61. Indeed, at each of the cavities 39,
the carcass sleeve 12 is supported as a bridge between
two axially contiguous projections 37. In this situation,
the carcass sleeve 12 is adapted to behave like a kind
of bridge-like beam supported between two supports,
suitably opposing the thrust action exerted by the appli-
cator roller 57, 61, even if such action is localised in an
action area, measurable against the abutment surface
"S" in a radial plane of the forming drum 23, having trans-
verse size less than the transverse size of the hollow
portions 41. This circumstance can for example be ver-
ified when the thrust action of the roller 57 is concentrated
on an elementary semifinished product 56a, 56b having
size smaller than the transverse size of the hollow por-
tions 41, as exemplified in figure 9, or when the trans-
verse size of the hollow portions 41 is greater than the
axial size of the second applicator roller 61, as exempli-
fied in figure 10.
[0137] Figure 10 illustrates the application of the con-
tinuous elongated element, for the purpose of attaining
one of the sidewalls 9. Due to the presence of the support
wings 42, the abutment surface "S" is capable of effec-
tively opposing the thrust action exerted by the second
applicator roller 61, even in proximity to the zones close
to the axially opposite edges of the forming drum 23,
where the orientation of the abutment surface itself is
substantially radial with respect to the geometric axis X-
X or in any case quite tilted with respect thereto.
[0138] The thin thickness of the support wings 42, in
part allowed by the structural strengthening caused by
the presence of the projections 37 within the respective
containment seats 44, allows reducing within acceptable
limits the discontinuities created in the transition zones
between each support wing 42 and the respective pro-
jection 37 inserted in the containment seat 44, as well as
between the projection itself and the intermediate portion
36c of the respective sector 24. It is thus possible to ef-
fectively apply the tread band 8 and/or the sidewalls 9
up to close to the beads 6, without the carcass sleeve 12

significantly sagging under the thrust action exerted by
the second applicator roller 61 which, in the absence of
the support wings 42, would tend to make it "sink" towards
the interior of the cavities 39, generating irregular and
discontinuous stresses that could damage the structural
components of the tyre during manufacturing and render
the execution of the spiralling extremely difficult if not
impossible.
[0139] The built green tyre 2 is finally adapted to be
removed from the forming drum 23 in order to then be
vulcanised in a vulcanisation unit 62.

Claims

1. Expandable toroidal forming drum for building tyres,
comprising:

circumferentially consecutive sectors (24) that
are radially movable between a contracted con-
dition in which said sectors (24) are moved clos-
er to a geometric rotation axis (X-X) of the form-
ing drum (23), and an expanded condition in
which the sectors (24) are radially moved away
from said geometric axis (X-X) in order to define
a radially external abutment surface ("S"),
wherein each sector (24) has circumferentially
opposite coupling portions (36a, 36b), each
comprising circumferential projections (37) al-
ternated with circumferential cavities (39),
wherein the projections (37) of each sector (24)
are slidably engaged in the respective cavities
(39) of circumferentially adjacent sectors,
wherein from at least one of said projections
(37), at least one support wing (42) is extended
having a first side (42a) and a second side (42b)
that are respectively opposite, wherein the first
side (42a) coincides with a portion of said abut-
ment surface ("S") and the second side (42b) at
least partially overlaps one of the projections
(37) belonging to an adjacent sector (24).

2. Drum as claimed in claim 1, wherein each support
wing (42) is integral with two respective projections
(37) that are axially consecutive to each other.

3. Drum as claimed in claim 1 or 2, wherein each sector
(24) also has at least one base wall (43) extended
between two respective projections (37) that are ax-
ially consecutive to each other in order to define,
together with the latter and with said support wing
(42), a containment seat (44) slidably engaging one
of the projections (37) belonging to an adjacent sec-
tor (24).

4. Drum as claimed in one or more of the preceding
claims, wherein each of said cavities (39) is axially
delimited between lateral walls (38) of two axially
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consecutive projections (37) said at least one sup-
port wing (42) being extended from the respective
projection (37) according to a direction that is tilted
with respect to at least one of the lateral walls (38)
of the projection itself.

5. Drum as claimed in one or more of the preceding
claims, wherein in each sector (24), projections (37)
belonging to one of said coupling portions (36a, 36b)
are offset with respect to the projections (37) belong-
ing to the other coupling portion (36a, 36b).

6. Drum as claimed in one or more of the preceding
claims, wherein at least some of said projections (37)
have substantially plate-like structure and lie accord-
ing to surfaces parallel to a circumferential extension
direction of the abutment surface ("S").

7. Drum as claimed in one or more of the preceding
claims, wherein projections (37) arranged along ax-
ially opposite circumferential edges of the abutment
surface ("S") each have a radially external longitu-
dinal edge (45) having longitudinal profile tilted to-
wards said geometric rotation axis (X-X).

8. Drum as claimed in one or more of the preceding
claims, having in expanded condition a curvature ra-
tio comprised between 0.15 and 0.45.

9. Process for building tyres, comprising:

arranging an expandable toroidal forming drum
(23) in expanded configuration such to external-
ly have an abutment surface ("S") defined by a
plurality of circumferentially consecutive sectors
(24);
applying at least one elementary semifinished
product (56a, 56b) of a tyre (2) around said form-
ing drum (23), by pressing said elementary sem-
ifinished product (56a, 56b) towards abutment
surface ("S");
wherein each sector (24) has circumferential
projections (37) alternated with circumferential
cavities (39);
wherein from at least one of said projections
(37), at least one support wing (42) is extended
having a first side (42a) and a second side (42b)
that are respectively opposite, in which the first
side (42a) coincides with a portion of said abut-
ment surface ("S") and the second side (42b) at
least partially overlaps one of the projections
(37) belonging to an adjacent sector (24).

10. Process as claimed in claim 9, wherein the carcass
sleeve (12) engaged with the forming drum (23) has
axially opposite end flaps (12a) projecting cantilev-
ered with respect to the abutment surface ("S").

11. Process as claimed in claim 9 or 10, wherein the
elementary semifinished product (56a, 56b) is ap-
plied according to axially contiguous and/or at least
partially superimposed circumferential coils, in order
to form a component of said tyre (2).

12. Process as claimed in one or more of the claims from
9 to 11, wherein the elementary semifinished product
(56a, 56b) is pressed against the abutment surface
("S") by means of a localised thrust action against a
surface portion of said elementary semifinished
product (56a, 56b).

13. Process as claimed in claim 12, wherein the thrust
action is exerted by pressing an applicator roller (57,
61) against the elementary semifinished product
(56a, 56b) while the forming drum (23) rotates
around a geometric rotation axis (X-X) thereof.

14. Process as claimed in claim 12 or 13, wherein said
abutment surface ("S") has circumferential rows of
solid portions (40) alternated with hollow portions
(41), and the elementary semifinished product (56a,
56b) is pressed by means of a localised thrust action
in an action area having transverse size less than
the transverse size of the hollow portions (41).

15. Process as claimed in claim 14, wherein the trans-
verse size of the action area can be measured
against the abutment surface ("S") in a radial plane
of the forming drum (23).

Patentansprüche

1. Expandierbare ringförmige Formungstrommel zur
Fertigung von Reifen, umfassend:

in Umfangsrichtung aufeinanderfolgende Sek-
toren (24), die radial zwischen einem kontrahier-
ten Zustand, in welchem die Sektoren (24) näher
an eine geometrische Drehachse (X-X) der For-
mungstrommel (23) bewegt sind, und einem ex-
pandierten Zustand, in welchem die Sektoren
(24) radial von der geometrischen Achse (X-X)
weg bewegt sind, beweglich sind, um eine radial
äußere Anlagefläche ("S") zu definieren,
wobei jeder Sektor (24) in Umfangsrichtung ent-
gegengesetzte Kopplungsabschnitte (36a, 36b)
aufweist, die jeweils umlaufende Fortsätze (37)
abwechselnd mit umlaufenden Ausnehmungen
(39) umfassen,
wobei die Fortsätze (37) eines jeden Sektors
(24) gleitend mit den jeweiligen Ausnehmungen
(39) von in Umfangsrichtung benachbarten Sek-
toren in Eingriff stehen,
wobei sich von zumindest einem der Fortsätze
(37) zumindest ein Stützflügel (42) weg er-
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streckt, der eine erste Seite (42a) und eine zwei-
te Seite (42b) aufweist, die einander jeweils ge-
genüberliegen, wobei die erste Seite (42a) mit
einem Abschnitt der Anlagefläche ("S") zusam-
menfällt und die zweite Seite (42b) zumindest
zum Teil einen der Fortsätze (37), die zu einem
benachbarten Sektor (24) gehören, überlappt.

2. Trommel nach Anspruch 1, wobei jeder Stützflügel
(42) mit zwei jeweiligen Fortsätzen (37), die axial
aufeinander folgen, einteilig ist.

3. Trommel nach Anspruch 1 oder 2, wobei jeder Sek-
tor (24) auch zumindest eine Basiswand (43) auf-
weist, die sich zwischen zwei jeweiligen Fortsätzen
(37) erstreckt, die axial aufeinander folgen, um zu-
sammen mit den letzteren und dem Stützflügel (42)
einen Haltesitz (44) definieren, der gleitend mit ei-
nem der Fortsätze (37), die zu einem benachbarten
Sektor (24) gehören, in Eingriff gelangt.

4. Trommel nach einem oder mehreren der vorherge-
henden Ansprüche, wobei jede der Ausnehmungen
(39) axial zwischen Seitenwänden (38) von zwei auf-
einander folgenden Fortsätzen (37) begrenzt ist, wo-
bei der zumindest eine Stützflügel (42) sich von dem
jeweiligen Fortsatz (37) gemäß einer Richtung er-
streckt, die in Bezug auf die zumindest eine der Sei-
tenwände (38) des Fortsatzes selbst geneigt ist.

5. Trommel nach einem oder mehreren der vorherge-
henden Ansprüche, wobei in jedem Sektor (24) Fort-
sätze (37), die zu einem der Kopplungsabschnitte
(36a, 36b) gehören, in Bezug auf die Fortsätze (37),
die zu dem anderen Kopplungsabschnitt (36a, 36b)
gehören, versetzt sind.

6. Trommel nach einem oder mehreren der vorherge-
henden Ansprüche, wobei zumindest einige der
Fortsätze (37) eine im Wesentlichen plattenartige
Struktur aufweisen und gemäß Oberflächen parallel
zu einer Umfangserstreckungsrichtung der Anlage-
fläche ("S") liegen.

7. Trommel nach einem oder mehreren der vorherge-
henden Ansprüche, wobei Fortsätze (37), die ent-
lang axial gegenüberliegender umlaufender Ränder
der Anlagefläche ("S") angeordnet sind, jeweils eine
radial äußere Längskante (45) aufweisen, die ein zu
der geometrischen Drehachse (X-X) hin geneigtes
Längsprofil aufweisen.

8. Trommel nach einem oder mehreren der vorherge-
henden Ansprüche, die in expandiertem Zustand ein
Krümmungsverhältnis zwischen 0,15 und 0,45 auf-
weist.

9. Verfahren zur Herstellung von Reifen, umfassend

die folgenden Schritte:

Anordnen einer expandierbaren ringförmigen
Formungstrommel (23) in der expandierten
Konfiguration, so dass sie außen eine Anlage-
fläche ("S") aufweist, die durch eine Vielzahl von
in Umfangsrichtung aufeinander folgenden Sek-
toren (24) definiert wird;
Aufbringen zumindest eines elementaren halb-
fertigen Produkts (56a, 56b) eines Reifens (2)
um die Formungstrommel (23) herum, durch An-
pressen des elementaren halbfertigen Produkts
(56a, 56b) gegen die Anlagefläche ("S");
wobei jeder Sektor (24) umlaufende Fortsätze
(37) abwechselnd mit umlaufenden Ausneh-
mungen (39) aufweist;
wobei sich von zumindest einem der Fortsätze
(37) zumindest ein Stützflügel (42) weg er-
streckt, der eine erste Seite (42a) und eine zwei-
te Seite (42b) aufweist, die einander jeweils ge-
genüberliegen, wobei die erste Seite (42a) mit
einem Abschnitt der Anlagefläche ("S") zusam-
menfällt und die zweite Seite (42b) zumindest
zum Teil einen der Fortsätze (37), die zu einem
benachbarten Sektor (24) gehören, überlappt.

10. Verfahren nach Anspruch 9, wobei die Karkassen-
hülle (12), die mit der Formungstrommel (23) in Ein-
griff steht, axial gegenüberliegende Endklappen
(12a) aufweist, die in Bezug auf die Anlagefläche
("S") freitragend wegragen.

11. Verfahren nach Anspruch 9 oder 10, wobei das ele-
mentare halbfertige Produkt (56a, 56b) gemäß axial
angrenzenden und/oder zumindest teilweise über-
einander gelagerten Wicklungen aufgebracht wird,
um eine Komponente des Reifens (2) zu bilden.

12. Verfahren nach einem oder mehreren der Ansprü-
che 9 bis 11, wobei das elementare halbfertige Pro-
dukt (56a, 56b) mittels einer lokalisierten Schubwir-
kung gegen einen Oberflächenabschnitt des ele-
mentaren halbfertigen Produkts (56a, 56b) gegen
die Anlagefläche ("S") gepresst wird.

13. Verfahren nach Anspruch 12, wobei die Schubwir-
kung ausgeübt wird, indem eine Anpressrolle (57,
61) gegen das elementare halbfertige Produkt (56a,
56b) gepresst wird, während die Formungstrommel
(23) sich um eine geometrische Drehachse (X-X) da-
von dreht.

14. Verfahren nach Anspruch 12 oder 13, wobei die An-
lagefläche ("S") umlaufende Reihen von massiven
Abschnitten (40) abwechselnd mit hohlen Abschnit-
ten (41) aufweist, und wobei das elementare halb-
fertige Produkt (56a, 56b) mittels einer lokalisierten
Schubwirkung in einem Wirkungsbereich ange-
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presst wird, dessen Größe in der Querrichtung klei-
ner als die Größe der hohlen Abschnitte (41) in der
Querrichtung ist.

15. Verfahren nach Anspruch 14, wobei die Größe des
Wirkungsbereichs in der Querrichtung gegen die An-
lagefläche ("S") in einer radialen Ebene der For-
mungstrommel (23) gemessen werden kann.

Revendications

1. Tambour de formation toroïdal extensible pour la
construction de pneus, comprenant :

des secteurs circonférentiellement consécutifs
(24) qui sont radialement mobiles entre un état
contracté dans lequel lesdits secteurs (24) se
rapprochent d’un axe de rotation géométrique
(X-X) du tambour de formation (23), et un état
étendu dans lequel les secteurs (24) s’éloignent
radialement dudit axe géométrique (X-X) afin de
définir une surface de butée radialement exter-
ne (« S »),
dans lequel chaque secteur (24) a des parties
de couplage circonférentiellement opposées
(36a, 36b), comprenant chacune des saillies cir-
conférentielles (37) en alternance avec des ca-
vités circonférentielles (39),
dans lequel les saillies (37) de chaque secteur
(24) s’engagent en coulissement dans les cavi-
tés respectives (39) de secteurs circonférentiel-
lement adjacents,
dans lequel, depuis au moins l’une desdites
saillies (37), au moins une aile de support (42)
s’étend ayant un premier côté (42a) et un
deuxième côté (42b) qui sont respectivement
opposés, où le premier côté (42a) coïncide avec
une partie de ladite surface de butée (« S ») et
le deuxième côté (42b) chevauche au moins
partiellement l’une des saillies (37) appartenant
à un secteur adjacent (24).

2. Tambour tel que revendiqué dans la revendication
1, dans lequel chaque aile de support (42) est soli-
daire de deux saillies respectives (37) qui sont axia-
lement consécutives l’une à l’autre.

3. Tambour tel que revendiqué dans la revendication
1 ou 2, dans lequel chaque secteur (24) a également
au moins une paroi de base (43) s’étendant entre
deux saillies respectives (37) qui sont axialement
consécutives l’une à l’autre afin de définir, conjoin-
tement avec ces dernières et avec ladite aile de sup-
port (42), un siège de confinement (44) s’engageant
en coulissement avec l’une des saillies (37) appar-
tenant à un secteur adjacent (24).

4. Tambour tel que revendiqué dans une ou plusieurs
des revendications précédentes, dans lequel chacu-
ne desdites cavités (39) est axialement délimitée en-
tre des parois latérales (38) de deux saillies axiale-
ment consécutives (37), ladite au moins une aile de
support (42) s’étendant depuis la saillie respective
(37) selon une direction qui est inclinée par rapport
à au moins l’une des parois latérales (38) de la saillie
elle-même.

5. Tambour tel que revendiqué dans une ou plusieurs
des revendications précédentes, dans lequel, dans
chaque secteur (24), des saillies (37) appartenant à
l’une desdites parties de couplage (36a, 36b) sont
décalées par rapport aux saillies (37) appartenant à
l’autre partie de couplage (36a, 36b).

6. Tambour tel que revendiqué dans une ou plusieurs
des revendications précédentes, dans lequel au
moins certaines desdites saillies (37) ont une struc-
ture essentiellement en forme de plaque et reposent
selon des surfaces parallèles à une direction d’ex-
tension circonférentielle de la surface de butée
(« S »).

7. Tambour tel que revendiqué dans une ou plusieurs
des revendications précédentes, dans lequel des
saillies (37) agencées le long des bords circonféren-
tiels axialement opposés de la surface de butée
(« S ») ont chacune un bord longitudinal radialement
externe (45) ayant un profil longitudinal incliné vers
ledit axe de rotation géométrique (X-X).

8. Tambour tel que revendiqué dans une ou plusieurs
des revendications précédentes, ayant, dans l’état
étendu, un rapport de courbure compris entre 0,15
et 0,45.

9. Procédé de construction de pneus, comprenant le
fait :

d’agencer un tambour de formation toroïdal ex-
tensible (23) dans une configuration étendue de
manière à avoir à l’extérieur une surface de bu-
tée (« S ») définie par une pluralité de secteurs
circonférentiellement consécutifs (24) ;
d’appliquer au moins un produit semi-fini élé-
mentaire (56a, 56b) d’un pneu (2) autour dudit
tambour de formation (23), en pressant ledit pro-
duit semi-fini élémentaire (56a, 56b) vers la sur-
face de butée ("S") ;
dans lequel chaque secteur (24) a des saillies
circonférentielles (37) en alternance avec des
cavités circonférentielles (39) ;
dans lequel, depuis au moins l’une desdites
saillies (37), au moins une aile de support (42)
s’étend ayant un premier côté (42a) et un
deuxième côté (42b) qui sont respectivement
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opposés, où le premier côté (42a) coïncide avec
une partie de ladite surface de butée (« S ») et
le deuxième côté (42b) chevauche au moins
partiellement l’une des saillies (37) appartenant
à un secteur adjacent (24).

10. Procédé tel que revendiqué dans la revendication 9,
dans lequel le manchon de carcasse (12) engagé
avec le tambour de formation (23) a des rabats d’ex-
trémité axialement opposés (12a) faisant saillie en
porte-à-faux par rapport à la surface de butée
(« S »).

11. Procédé tel que revendiqué dans la revendication 9
ou 10, dans lequel le produit semi-fini élémentaire
(56a, 56b) est appliqué selon des bobines circonfé-
rentielles au moins partiellement superposées et/ou
axialement contiguës, afin de former un composant
dudit pneu (2).

12. Procédé tel que revendiqué dans une ou plusieurs
des revendications 9 à 11, dans lequel le produit
semi-fini élémentaire (56a, 56b) est pressé contre la
surface de butée (« S ») au moyen d’une action de
poussée localisée contre une partie de surface dudit
produit semi-fini élémentaire (56a, 56b).

13. Procédé tel que revendiqué dans la revendication
12, dans lequel l’action de poussée est exercée en
pressant un rouleau applicateur (57, 61) contre le
produit semi-fini élémentaire (56a, 56b) tandis que
le tambour de formation (23) tourne autour d’un axe
de rotation géométrique (X-X) de celui-ci.

14. Procédé tel que revendiqué dans la revendication
12 ou 13, dans lequel ladite surface de butée (« S »)
a des rangées circonférentielles de parties pleines
(40) en alternance avec des parties creuses (41), et
le produit semi-fini élémentaire (56a, 56b) est pressé
au moyen d’une action de poussée localisée dans
une zone d’action ayant une dimension transversale
inférieure à la dimension transversale des parties
creuses (41).

15. Procédé tel que revendiqué dans la revendication
14, dans lequel la dimension transversale de la zone
d’action peut être mesurée par rapport à la surface
de butée (« S ») dans un plan radial du tambour de
formation (23) .
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